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BHOCAHIi 

\  t 

BMt  transfer  aMnmnti  wri  made  lm  a  high  temperature  wind  tunnel  «n 
l/50th  actio  models  cf  the  Atl&e  forebodr  with  the  Qsnsral  Sleet rl a  Mark  II  and 
Arc#  Series  4  Re-entry  Bodies.  The  tests  wore  made  to  provide  data  to  he  util¬ 
ised  la  heat  transfer  calculations  on  the  Atlas  nissile  forebody. 

/■ 

The  nodels  vers  exposed  to  a  Mach  6.3  flow  of  faydregen-air  combustion 
products  with  a  total  temperature  of  4350  *R.  Heat  transfer  measurements  vers 
taken  la  the  vicinity  of  surface  discontinuities  along  the  nissile  profile. 

Heat  transfer  rates  vers  highest  upstream  of  the  first  discontinuity  and  dropped 
to  approximately  300  of  their  initial  values  on  the  downstream  sections  of  both 
nodels.  Pressure  measurements  wore  taken  forward  and  aft  of  stations  502  and  645. 

TBBf  AHPARATUB  AMD  HPOPga  t 

The  nodels  were  tested  in  the  Themodynsnios  Laboratories  high  temperature 
wind  tunnel.  Gaseous  hydrogen  ami  air  were  burned  at  stoichiometric  Mixture  ratio 
at  a  pressure  of  465  psla.  The  certmotlsa  products  were  expended  through  an  axl- 
sy— trie  reflex  nettle  late  a  6.75  inch  dl— ter  test  section.  The  exhaust  gases 
were  r neared  by  a  450-pound  thrust  racket  ejector  and  four  Roots  blowers  powered 
by  Alii  sen  aircraft  engines.  A  diagram  of  tunnel  is  given  in  Figure  1. 

Cehbustlea  chamber  properties  were  calculated  for  stoichiometric  ccUbustlea 
of  hydrogen  and  air  at  465  psla.  The  free  stream  props* ties  in  the  test  section 
were  determined  by  expanding  the  gases  at  freten  Malposition  through  small  pressure 
increments  fren  the  combustion  chamber  to  the  measured  test  section  pressure  ef 
0.105  psla.  The  conbustlea  chamber  and  test  section  properties  are  listed  in  Tables 
1  and  2. 

As  part  of  ths  investigation  of  the  test  seotisn  properties,  heat  transfer 
measurements  were  taken  on  a  flat  plate  to  determine  the  condition  cf  the  boundary 
layer.  When  compared  to  theoretical  beat  transfer  rates  for  laminar  and  turbulent 
boundary  layers,  the  experimental  data  show  closer  agreement  with  ths  laminar  values 4 
This  comparison  is  presented  in  Figure  2. 

The  nodels  used  in  this  study,  were  constructed  te  l/50th  scale  of  nissllo 
dimensions.  They  were  fabricated  from  stainless  steel  sections  held  together  by  a 
bolt  through  ths  longitudinal  axis  of  ths  nsdtls  (Figures  3-6).  Ths  skin  in  the 
vicinity  of  the  surface  discontinuities  was  machined  to  a  0.050  inch  thickness,  end 
ohronol-alunel  thermocouples  wore  tack-welded  to  the  inside  surface.  The  nodels 
were  instrumented  approximately  1/2  inch  forward  and  aft  of  the  discontinuities, 
and  pressure  taps  were  installed  0.25  inches  forward  and  aft  of  Stations  502  and 
645  (Figures  7  and  8). 

The  areas  ef  primary  interest  in  this  investigation  were  in  the  vicinity  of 
surface  discontinuities.  Instrumentation  was  limited  te  these  regions  to  simplify 
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TEST  APPARATUS  AKD  PROCZDURf :  (Cant'd) 

■oi«l  construction.  Because  of  phynlanl  limitations  In  nodal  construction,  and 
prior  availability  of  staflutloa  hoot  transfer  data,  a  tbsrmuonpla  vas  not  In- 
atallad  at  tba  stagnation  point.  Tba  stagnation  point  haat  transfer  rata  previ¬ 
ously  measured  on  a  1.2J  inch  1,1— tar  blunt  body  mder  identical  tan al  con¬ 
ditions  vas  66.5  BTU/ft*  sac. 

Tba  aadals  vara  exposed  ta  tba  t— al  flaw  for  approximately  3  attends. 
Temperature  bistarlas  sansad  by  tba  thomooouplos  vara  rooocdod  vltb  a  light-bean 
oscillograph.  Prassura  rarlatioas  vara  —pad  by  variable  inim  trace  typa 
transducers  and  alas  recorded  by  a  light  bean  oscillograph. 

DMA  REDOCTIOHi 

Heat  transfer  rates  vara  ealcalatod  from  tba  rsaariod  taagaratara-riaa  rates 
and  properties  af  tba  nodal  natarisl.  A  beat  balance  takm  an  an  al— nt  of  tba 
nodal  vail  sbeva  that  tba  total  beat  flov  into  thn  aim nt,  lass  the  heat  added  or 
lost  thorough  lateral  conduction  and  radiation  at  tba  insldo  surface,  is  egml  to 
tba  boat  atoarod  in  tba  alnaant. 

%»  ■  ^stored  ♦  ^oonduotlon  ♦  Eradiation 

Conduction  sad  radiation  losses  were  determined  by  manuring  the  boating  ar 
cool  lag  rates  an  tba  nodal  after  tba  flov  bad  boon  stepped.  Tbo  rato  af  t  a^iars tura 
ineraaaa  masurad  during  tba  flaw  vas  than  aorractad  to  give  a  rata  af  temperature 
increase  vhiah  vnuld  be  experienced  if  tba  losses  did  not  exist.  Radiation  affects 
vara  calculated  analytically  snd  vara  fnmd  to  bb  actual  ta  approximately  2^  of  tba 
beat  taken  into  tba  vail  at  the  mri—  masurad  temperature. 

Tba  corrected  temperature  -rise  rata  vas  than  used  in  tba  heat  balance  ta 
calculate  tba  heat  transfer  rata.  The  relieving  aquation  vas  used. 

«*•  -  PCJtV  (c) 

*  (TTjceirr. 

Where  j  q.  ■  Heat  flux  into  tba  el  ear  at,  BTU/ft2  see. 

a  -  Outside  surface  area  ef  tba  alanant,  ft* 
p  a  Specific  weight  af  alanant  notarial,  lb /ft  3 
Op  a  Specific  best  at  constant  prassura,  BTU/Lb.  *? 

V  -  Velma  of  alanant,  ft3 
(dT)  -  Corrected  temperature-riso  rota,  •f/sac. 

Corr. 
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DATA  REDUCTIOHi  (Coat'd) 

Approximating  the 
area  can  be  eaqn-eased  os 


oddcl  wall  with  a  hollow  cylinder,  the  via—  and  surface 
fallow*: 


S-2TT  r.  I 

V-  Tr(r0a-r,*)£ 


Substituting  these  equations  Into  the  heat  balance,  the  fallowing  equation  is 
obtained* 


P  Cp 


(tf-tf)  /dT 


(arl 


2fc  'ar/coRR 

The  results  of  these  calculations  ere  presented  In  ‘fable  3 


la  Figure  9 


ead  10. 

DIBCUB310H: 


The  highest  heat  transfer  rate  was  aeasured  forward  of  the  first  surface 
discontinuity  on  the  nodal  with  the  0*K«  configuration.  This  value  of  31*0  BTU/fl* 
sec  is  16£  higher  then  those  measured,  ea  the  forward  portion  of  the  AVCC  nose  cone* 
In  general,  the  aodels  sxperioneed  the  highest  heat  transfer  rates  forward  ef  the 
first  surface  discontinuity*  The  rates  dropped  rapidly  as  the  flow  expanded  ever 
the  discontinuity,  remaining  fairly  uniform  at  approximately  yyj»  of  their  Initial 
values  on  the  downs tresm  sections  ef  the  medals. 


As  the  flew  approached  a  compression  corner  a  slight  decrease  In  heat  transfer 
vae  noted*  The  heat  transfer  rates  then  Increased  as  the  flew  was  turned  at  the 
corner*  The  opposite  effect  was  noted  as  tbs  flow  approached  an  expansion  corner. 

The  heat  transfer  rates  on  the  AVCO  configuration  were  JOj  higher  in  the  vicinity 
of  Station  645  then  an  the  G*X.  configuration,  although  distribution  ef  the  rates 
In  this  region  is  similar.  This  may  be  dee  to  bovdary  layer  disturbances  caused 
by  reflection  ef  local  shock  waves  from  the  shock  envelops. 

The  pressure  measurements  (Table  4)  show  a  pressure  rise  as  the  flow  expands , 
over  Station  645  on  the  ATOO  Model.  This  rise,  when  compared  to  the  drop  measured 
on  the  O.E.  Model,  seems  to  indicate  tbs  presence  of  a  boundary  layer  disturbance. 
Because  of  a  malfunction  la  the  transducer  circuit,  pressure  data  ef  tap  maker  one 
was  net  obtained  for  the  AVOO  Model* 
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TABU  I 

COMBUSTION  CHAMBER  GAS 
AND  PROPERTIES  FOR  STOICHIOMETRIC 

COMPOSITION 

COMBUSTION  OP  Hg  -  AIR 

MOLECULAR 

SPECIES 

T 

MOLE 

PERCENT 

-  HgO 

33.65 

64.84 

h 

0.721 

°2  - 

0.218 

OH 

0.298 

SO 

0.216 

E 

0.033 

0 

0.0225 

• 

H 

0.0000 

f  —  “  ~  ' 

CHAMBER  PRESSURE,  FSXi 

465 

combustion  m&mjecmz,  *r 

, 

^350 

_  TOTAL  ENTHALPY,  BTU/U>. 

1551 

MOLECULAR  WEIGHT 

24.43 

tO«M  i|IJ« 
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TABLE  2 

TEST  SECTION  FLOW  PROPERTIES 


CALCULATED 

MEASURED 

MACH  NUMBER 

6.3 

6.5 

YELOCITT,  FT /SBC 

8,450 

KSYR0LD8  NUMBER 

3.35  x  IQ* 

SPECIFIC  HEAT  RATIO 

1.37 

1.33 

TOTAL  TS-IPERATURE  *R 

4350 

- 

STATIC  TEMPERATURE  *R 

64o 

1 

• 

Static  fressure,  psia 

0.105 

0.105 
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TABLE  3 

HEAT  TRANSiTR  RATES  FOR  1/50TH  SCALE  MDIEL  07  ATLAS 
TOREK) DY  WITH  OHJLrAL  ELECTRIC  MARK  II  RE-ENTRY  VEHICLE 


JL  »V/  • 

NO. 

BTU/ft2 

1 

T.C. 

BTU/ft2 

1 

T.C. 

BTU/ft2 

MC 

*F 

MO 

*F 

etc 

7 

1 

6.28 

164 

1° 

9.50 

170 

19 

6.35 

217 

2 

5.31 

160 

11 

8.50 

164 

20 

6.93 

216 

3 

5.31 

158 

12 

7.22 

222 

21 

r 

7.28 

22) 

4 

6.26 

159 

13 

7.22 

231 

22 

6.53 

268 

5 

5.00 

159 

14 

7.12 

212 

23 

8.59 

289 

6 

6.76 

161 

15 

7.46 

217 

24 

12.3 

330 

7 

7.25 

165 

„  16 

6.76 

218 

25 

.17.7 

•*35 

0 

10.0 

173 

17 

6.76 

218 

26 

31.0 

664 

9 

lO.S 

172 

18 

5.76 

212 

1 

HEAT  TRANSFER  RATES  FOR  1/50TH  SCALE  M3  DEL  OF  ATLAS 
FOREBOOT  WITH  AVCO  SERIES  4  RE-ENTRY  VEHICLE 


T.C. 

NO. 

BTU/ft2 

T 

T.C. 

BTU/ft2 

T 

T.C. 

*1  0 
BTU/Tt* 

T 

- 

JMC 

*F 

MC 

*F 

•» 

Mo 

*F 

.  1 

— 

— 

13 

8.05 

263 

25 

5.94 

205 

.  2 

5.31 

138 

14 

;  8.85 

272 

26 

5.50 

197 

3 

6.28 

146 

15 

9.09 

274 

27 

3.77 

164 

4 

.  7.25 

153 

16 

.  9.09 

270 

28 

4.44 

167 

5 

7.73 

156 

17 

.  9.32 

273 

29 

4.00 

164 

6 

.  8.69 

166 

18 

10.5 

290 

30 

4.22 

162 

7 

10.1 

176 

19 

10.0 

288 

31 

8.44 

243 

_ _ 8 

13.0 

196 

20 

10.3 

281 

32 

11.3 

284 

9 

13.5 

201 

21 

.10.3 

284 

33 

12.4 

316 

10 

13.5 

203 

22 

,  6.60 

233 

34 

16.4 

400 

11 

13.0 

199 

23 

6.60 

235 

35 

20.9  ; 

472 

12 

8a6 

257 

24 

5.72 

202 

36 

26.8 
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Photograph  of  AVQO  Series  4  Reentry  Body  on  Atlas  fcorebody 
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